Introduction
The development of brightly photoluminescent platinum(II) complexes has been driven over the past 15 years by a number of emerging applications, such as triplet-harvesting phosphors for light-emitting devices, 1 emissive units for chemosensing, 2 probes for biological molecules including nucleic acids and proteins, 3 and bioimaging agents. 4 Cyclometallated complexes of ligands featuring a combination of aryl and heterocyclic rings that bind through a partnership of C and N atoms have featured in many studies. 5 These ligands are typically both good #-donors, by virtue of the metallated carbon atom in particular, and good ! acceptors through the coordinated heterocycle. Consequently, they are strongfield ligands that lead to large separations between the highest occupied and vacant d-orbitals. This feature ensures that metal-centered excited states -which are highly antibonding and therefore strongly deactivating -are displaced to higher energy, making it more likely that lower-energy states (e.g. those of metal-to-ligand charge-transfer or ligand-centred character) can emit efficiently. Most cyclometallated platinum(II) complexes studied to date have employed bidentate ligands such as 2-phenylpyridine (ppy) and derivatives thereof and, indeed, such complexes are frequently quite strongly luminescent. 5 Nevertheless, bis-bidentate complexes are potentially susceptible to a distortion away from square planarity towards a D 2d geometry in the excited state, and such distortions may facilitate non-radiative decay, imposing a limit on the luminescence efficiency. 7 The use of tridentate and tetradentate analogues can lead to more rigid complexes and hence to brighter emission.
In particular, the platinum(II) complex of N^C^N-coordinated 1,3-di(2-pyridyl)benzene (PtL 1 Cl, Scheme 1) has a luminescence quantum yield of 0.6 in solution at room temperature, 8 an order of magnitude higher than that of its bidentate cousin Pt(N^C-ppy)(N-ppyH)Cl 9 or its N^N^C-coordinated isomer, 10 despite the individual ligating units being identical. 11 Moreover, the excited state energy and hence colour of such tridentate complexes can be tuned over a wide range through the introduction of substituents into the aryl or pyridyl rings, without substantially compromising the quantum yields.
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The low molecular weights and charge neutrality of these complexes render them attractive for incorporation as triplet-harvesting phosphors into vacuum-sublimed or spin-coated OLEDs, and devices with impressive performance characteristics have been obtained.
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There remain rather few platinum(II) complexes that emit efficiently in the red region of the spectrum. 1e Typically, the quantum yields of red-emitting complexes tend to be limited not by the energetic proximity of d-d states (problematic for blue emitters), but by increased non-radiative deactivation through intramolecular transfer of electronic energy into vibrational energy. The so-called "energy-gap law" -which describes the increase in non-radiative decay with decreasing excited-state energy 14 -has been found to hold quite well for many series of metal complexes, 15 including some of platinum(II). 16, 17 One approach to obtaining red platinum(II)-based emitters relies on the formation of excimers or aggregates, either intermolecular or intramolecular, where two Pt units are brought in close proximity and are able to interact, normally in a face-to-face manner in such a way as to stabilize the excited state. 18 More recently, it has been shown that the presence of a second metal ion in dinuclear Pt(II) complexes with bridging cyclometallating ligands (e.g. those based on 4,6-diphenylpyrimidine, 2,3-and 2,5-diphenylpyrazine) also leads to significant red shifts whilst retaining high quantum yields. 19 In both of these strategies for obtaining red emission, however, two or more metal centers are evidently required.
The present work deals with the synthesis and the photophysical and electrochemical characterisation of two new series of mononuclear N^C^N-coordinated platinum(II) complexes, related 20, 21 Other researchers have likewise found that phenols and acetylides do -4 -not have large effects on the emission energies. 13a,12d,22 This can be rationalised quite readily with the aid of TD-DFT calculations, which reveal that the lowest-energy triplet excited state on PtL 1 Cl is largely localised on the dipyridylbenzene, albeit with sufficient metal contribution to promote the formally forbidden radiative process.
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The co-ligand apparently makes only a relatively minor contribution to the frontier orbitals involved in the excitation. Here, we show that the introduction of methylthiolate (MeS -) or a range of arylthiolates (ArS -) into the coordination sphere of the platinum ion has a profound influence on the excited state energy, strongly shifting the emission to the red region. A combination of electrochemical measurements and TD-DFT calculations allows the origins of the effect to be traced to a fundamental change in the nature of the excited state when the chloride ligand is replaced by a more electron-rich sulfur atom.
Results

Synthesis of complexes
The ten new complexes produced and studied in this work are shown in Figure 1 . The aryl thiolate complexes, PtL n SAr (n = 1 or 2; Ar = C 6 H 5 , p-C 6 H 4 CH 3 , p-C 6 H 4 OMe, p-C 6 H 4 NO 2 ), were readily prepared from the parent chloro complexes, PtL 1 Cl and PtL 2 Cl, by addition of a solution of the respective potassium thiolate ArS -K + in methanol at room temperature, itself prepared immediately before use from the corresponding thiol ArSH by treatment with potassium tert-butoxide (Scheme 1).
The thiolate complexes precipitated from solution as yellow, orange or red solids. Successive washing of the solids with water, methanol and diethyl ether led to analytically pure samples of the desired complexes. Even upon treatment with the thiol itself, without prior addition of base, partial conversion of the starting chloro complexes to the thiolate derivatives was observed. However, a substantial quantity of PtL n Cl starting material remained in this case, which proved to be difficult to separate from -5 -the products. The methanethiolate complexes PtL n SMe were similarly prepared by addition of aqueous sodium methanethiolate to PtL n Cl suspended in methanol.
The identity of the new complexes was confirmed by 1 H NMR spectroscopy, mass spectrometry and elemental analysis. The atom numbering scheme for the 1 H NMR assignments is shown in Figure   1 . . Detailed studies involving techniques such as EPR and resonance Raman spectroscopy, in conjunction with TD-DFT calculations, have indicated that the reduction is based primarily on the diimine (or triimine)
ligand, whilst the oxidation involves the metal and the thiolate ligands. 29, 27 Similar conclusions are made in the present case, as discussed in the sections that follow.
UV-visible absorption spectra
The replacement of the chloride ligand in PtL n Cl by the thiolates has a striking effect on the absorption, as is immediately evident during the syntheses: the products have intense red, orange or yellow colours, in contrast to the pale yellow of the starting materials. The spectral origin of the observed change is highlighted in Figure 2 , where the absorption spectrum of PtL 2 SPh (used as a representative model for the thiolate complexes) is shown together with that of its parent chloro complex PtL 2 Cl. The two complexes have in common a set of intense bands in the far-UV ($ < 300 nm). They also both feature -8 -a band at around 375 nm, of fairly similar intensity. However, whilst the longest-wavelength, spin- The UV-visible spectra of all five PtL 2 SR complexes are shown in Figure 3a , and numerical data are compiled in Table 1 . It can be seen that the spectra of PtL 2 STol and PtL 2 Ani are very similar to that of PtL 2 SPh, with a small shift of the long-wavelength band towards the red, in the $ max order phenyl < tolyl < anisyl. The spectrum of PtL 2 SMe is also very similar. In contrast, the spectrum of PtL 2 SNit is strikingly different in the region $ > 350 nm, displaying a very intense band at 415 nm (% = 17800 M -1 cm -1 ), on which are superimposed bands at 378 and 455 nm which may correspond to those seen at such wavelengths in the other four thiolate complexes.
An essentially identical picture emerges from the spectra of the corresponding complexes of L 1 (Figure 3b ), the spectrum of the nitro complex again being very different from those of the other four complexes. In this case, the long wavelength band in each of the phenyl, tolyl, anisyl and methyl complexes is slightly blue-shifted compared to its L 2 counterpart, and the overlap with the higherenergy bands renders it more of a shoulder than a clear-cut band.
The appearance of the long-wavelength band in the region 452 -472 nm that accompanies the change from chloride to thiolate can be rationalised in terms of a new, low-energy, charge-transfer state, as observed in the related diimine complexes referred to above. [26] [27] [28] [29] The electron-rich sulfur atoms are expected to lead to a HOMO that will span the thiolate and the metal atom, in contrast to the parent chloride complex, where the most electron-rich part of the molecule comprises the metal and cyclometallating aryl ring. 23 Meanwhile, the LUMO can be expected to remain localised largely on the pyridyl rings of the N^C^N ligand. A low-energy excited state of d Pt /! RS "! * NCN character may thus be -9 -anticipated and, indeed, such a conclusion is supported by time-dependent density functional theory
calculations (vide infra).
Further support for such an assignment comes from the variation in $ max with substituent, either in the aryl ring of the thiolate or in the N^C^N ligand. Thus, the red-shift in the L 2 complexes versus those with the corresponding thiolate in the L 1 series can be understood in terms of the electronwithdrawing influence of the ester group slightly stabilising the N^C^N-based LUMO. Meanwhile, the order of $ max = phenyl < tolyl < anisyl is attributed to the effect of the increasingly electron-donating substituent in destabilising the HOMO. Indeed, although the differences between the $ max values are
small, there appears to be a correlation of the absorption energy with |E ox -E red | (Figure 4) , consistent with the notion that the orbitals involved in the excitation are similar to those ionised and populated through electrochemical oxidation and reduction respectively.
Charge-transfer excited states frequently give rise to significant solvatochromism, if the redistribution of electron density in the excited state is non-centrosymmetric, as in this instance.
Limited solubility of the compounds and the propensity to degration in some solvents hampers detailed investigation, but using as an example PtL 2 SPh in four solvents of differing polarity, it can be seen that there is significant negative solvatochromism in the low-energy absorption band (see Figure S1 and Table S1 in the Supporting Information). The $ max shifts from 494 nm in toluene to & 453 nm in acetonitrile, a destabilisation of around 1800 cm -1 .
Finally, the much more intense band that appears around 415 nm in the complexes containing the nitro-substituted thiolate ligand can be attributed to a strongly allowed intraligand charge-transfer The intensity-normalised emission spectra of the family of five PtL 2 SR complexes are shown in Figure 5a and those of PtL 1 SR in Figure 5b . The emission maxima, luminescence lifetimes and quantum yields are compiled in Table 2 . A number of trends emerge from these data.
(i) For a given thiolate -SR, the emission maximum is red-shifted for PtL 2 SR compared to PtL 1 SR, with the exception of the pair of nitro-substituted complexes, where the order is reversed.
(ii) For both series of aryl thiolate complexes (n = 1 and 2), the emission maxima are increasingly redshifted in the $ max order PtL n SPh < PtL n STol < PtL n SAni < PtL n SNit. For the first three complexes in the PtL 2 SAr series, there is a convincing linear correlation between the emission energy and |E ox -E red |,
-11 -but the nitro-substituted complex clearly does not follow the trend (Figure 4) . The best fit line through the data points for the complexes excluding the nitro-substituted compound gives a gradient of 7800
(iii) For both series of aryl thiolate complexes, the luminescence lifetime of the nitro-substituted complex is much longer than those of the other three complexes. The lifetimes of PtL 1 SNit and PtL 2 SNit are 7.4 and 11.3 µs respectively, whereas all the other complexes have lifetimes < 1 µs.
Amongst the other complexes, the order of luminescence lifetimes for both series (n = 1 and 2) is PtL n SPh > PtL n STol > PtL n SAni.
(iv) The luminescence quantum yields in both series also follow the order PtL n SPh > PtL n STol > PtL n Ani, as observed for the lifetimes. The nitro-substituted complexes have small quantum yields, similar to the anisyl-subtituted analogues, despite their long lifetimes.
(v) The spectrum of PtL 2 SMe is essentially identical to that of PtL 2 SPh, and likewise PtL 1 SMe is similar to PtL 1 SPh. However, the methanethiolate complexes are weaker emitters than their benzenethiolate analogues, with lower quantum yields and shorter lifetimes.
(vi) All spectra are strongly blue-shifted in a glass at 77 K compared to room temperature (Table 2; spectra for PtL 2 SAr series are shown in Figure 6 and for PtL 1 SAr in Figure S3 ). The temperatureinduced shifts are largest for the two nitro-substituted complexes (3400 cm -1 ), most of the others having values of around 2500 cm -1 . The lifetimes of the nitro-substituted complexes at 77 K are conspicuously very long, around two orders of magnitude longer than those of the other complexes.
Assuming that the excited state is formed with unitary efficiency, we can estimate the radiative, k r , and non-radiative, !k nr , decay rate constants from the experimentally determined quantum yields and lifetimes: k r = (/' and !k nr = ' -1 -k r . The data (Table 2) reveal that the radiative rate constants for the nitro complexes are two to three orders of magnitude smaller than for the other aryl thiolate and methane thiolate complexes.
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Time-dependent density functional theory (TD-DFT) and interpretation of emission data
These observations can be rationalised successfully with the aid of time-dependent density functional theory (TD-DFT) calculations, to evaluate the nature of the lowest-energy triplet state, T 1 , from which emission occurs. The triplet state geometry was first optimised by direct calculation (i.e., by minimisation of the geometry with a triplet spin), then frequency calculations were utilised to confirm that the geometries obtained were true minima. TD-DFT calculations were performed on the optimised geometries to give the frontier orbitals and the relative contributions of transitions between filled and virtual orbitals to the lowest triplet excited states. Frontier orbitals and tables of contributions for the PtL 1 SR series of complexes are shown in Figure S6 and Table S2 (ii) The trend of decreasing emission energy in the order SPh > STol > SAni is consistent with the increasing electron-donating power of the substituent, which will favour charge-transfer from the thiolate. The gradient of 7800 cm -1 /V from the plot of E em versus |E ox -E red | mentioned above is quite large, suggesting a significant charge-transfer character. Indeed, the value is remarkably similar to that of 7300 cm -1 /V found for a selection of 13 complexes of the form Pt(N^N)(S^S) studied by Cummings -13 -and Eisenberg. 26d In that case, too, all the evidence pointed towards a charge-transfer-to-diimine assignment to the lowest-energy singlet and triplet excited states. Finally, observation (vi), namely the large blue-shift of the emission maxima observed on cooling to 77 K, is consistent with an excited state in which there is a high degree of charge transfer in a well-defined direction. The substantial rearrangement of electron density that is associated with the formation of such an excited state is accompanied by significant solvent reorganisation to stabilise the excited state (large Stokes shift).
Such stabilisation is inhibited in a frozen glass, leading to a large temperature-induced shift, as observed here. The contrast with PtL 1 Cl and PtL 2 Cl is particularly dramatic in this respect: they show only very small shifts on cooling to 77 K (Table 2) , consistent with the largely N^C^N-based 3 !-!* assignment of the excited state in these parent chloro complexes. The TD-DFT results for the nitro-substituted complex gives a strikingly different picture; in this case, the excited state is seen to be localised on the arylthiolate, with essentially no involvement of either the metal or the N^C^N ligand. The most fitting description is that of a !(SC 6 H 4 ) " !*(NO 2 )
transition, in line with that observed in the previously reported complexes of this ligand mentioned -14 -above. 27a, 30 The Mulliken charges are again useful, in this case in highlighting the lack of involvement of the N^C^N ligand.
The differing nature of the excited state in PtL n SNit accounts for the observed differences in the photoluminescence properties for the nitro complexes compared to the others listed above. The deviation from the E em versus |E ox -E red | plot (Figure 4, bottom) is accounted for. Moreover, the much longer luminescence lifetimes observed for the nitro complexes (both at room temperature and at 77 K)
can be explained, in part, by the more limited participation of the metal in the excited state. Significant involvement of the metal is required to successfully promote the formally forbidden T 1 " S 0 radiative transition, 31 whereas the TD-DFT (Figure 7 ) indicates an essentially ligand-centred (ILCT) transition.
As a result, the k r values for these two complexes are much lower than for all the others.
It is notable, however, that this complex seems to "fit" well with the E abs versus |E ox -E red | plot (Figure 4, top) . Indeed, in Section 3, we interpreted the absorption spectrum in terms of a lowestenergy transition to a singlet excited state having the same charge-transfer to N^C^N character as that of the other complexes, superimposed on a more intense but high-energy transition more localised on the nitrophenylthiolate ligand. Such a difference between absorption and emission (i. 
Intermolecular interactions
The parent complex PtL 1 Cl is known to display a quite sensitive dependence of the emission spectrum upon concentration. The lifetime decreases with concentration at values greater than around 10 -5 M, accompanied by the appearance of an excimer emission band centered at about 700 nm. 8 Derivatives incorporating substituents in the tridentate ring behave similarly, albeit typically with smaller SternVolmer quenching constants and, in some cases, significantly shifted excimer bands. 12 For the present set of complexes, there was no significant self-quenching observed in solution at room temperature over a 20-fold concentration range (up to 4 ) 10 -4 M), nor was there was any evidence for excimer emission. 33 The lack of effect could be associated with the greater steric hindrance engendered by the aryl thiolate to the face-to-face approach of pairs of molecules, which is necessary for excimers to form (the optimum distance is typically around 3.5 Å). It should also be noted that the excited state lifetime in the thiolate complexes is an order of magnitude shorter than in PtL 1 Cl, and propensity to excimer formation will necessarily decrease for that reason too. Steric hindrance to interfacial interactions should be minimal in the case of the methanethiolate complexes, but again, no significant -16 -concentration-induced quenching was observed. However, for this pair of complexes it was noted that, at 77K, elevated concentrations led to the appearance of an additional low-energy emission band ( Figure S4 ). The excitation spectra registered for the two emission bands are slightly different from one another around the low-energy tail, suggesting that the additional band may be due to the formation of a ground-state aggregate. No such behaviour was observed for the aryl thiolate complexes.
Relevance to biological thiols and bioimaging applications
PtL 1 Cl and its derivatives have been investigated as cell imaging agents. 4a,e The studies to date reveal that they localise in the nuclei of a variety of cell lines, from where intense green emission with the characteristic spectrum of the Pt(N^C^N) unit is observed, with a lifetime of around 1 µs. The fate of the rather labile Pt-Cl bond is, however, rather uncertain, and it is possible that the observed nuclear localisation is due to platination of nucleobases or histidine residues through their nitrogen atoms. In the event that the Pt-Cl bond is displaced by a thiolate group of a cysteine residue within a protein, however, green emission might no longer be expected, but rather a shift to red emission, based on the results described in Section 4 and illustrated in Figure 2 .
In order to explore this possibility, NIH 3T3 cells incubated with PtL 1 Cl were imaged using fluorescence microscopy in two different regions of the spectrum. When the emission was monitored in the green region, the typical nuclear staining seen previously was observed (Figure 9a ). However, when the emission was monitored using a longer-wavelength emission filter (660-710 nm) which completely eliminates green light but transmits only red light, a distinctly different localisation pattern was revealed (Figure 9b ). Emission in that case was observed mainly within the cytoplasmic region.
The cytoplasmic emission is not homogenous in the image: emission emanates from discrete areas within a cytoplasm-based organelle. Co-staining of CHO cells with PtL 1 Cl and MitoTracker Red TM (MTR) suggests that the organelles in question are the mitochondria ( Figure S5 ).
-17 -It is notable that the mitochondria typically contain an abundance of thiols. 34 Indeed, recent work indicates that the labelling of protein targets by MTR involves covalent bond formation and is related to the availability of cysteine residues. 35 Meanwhile, Coogan and co-workers have developed rhenium complexes to stain mitochondria in which protein thiols react with a 3-chloromethylpyridyl group on the complex. 36 Thus, it seems likely that the emission detected in Figure 9b is due to thiolate adducts of the form PtL 1 SR. We note that Chan and co-workers have observed a diminution of the green luminescence from Pt(N^C^N)Cl units upon treatment with cysteine, interpreted in terms of displacement of the chloride ligand by a cysteine sulfur atom. 37 In their case, no red emission appeared, but this may be due to efficient quenching of the emission under the polar aqueous conditions employed. it may be noted that the previously reported instability of the corresponding phenolate complexes has been successfully overcome by covalent linkage of the phenolate to the N^C^N unit, to generate a tetradentate ligand. 38 A similar strategy involving arylthiolates looks set to offer a promising approach to stable, red-emitting platinum(II) complexes.
Concluding discussion
Experimental
The complexes PtL 1 Cl and PtL 2 Cl were prepared as described previously. 39, 8 1 H and 13 C NMR spectra, including NOESY and COSY, were recorded on Varian or Bruker spectrometers operating at the frequencies indicated below. It was possible to obtain 13 C spectra with full assignment only in the cases indicated. For the other complexes (for which either the solubility is lower or the stability inferior), impurities begin to form during the time necessary to acquire the 13 C spectrum, hampering the assignment. Chemical shifts (!) are in ppm, referenced to residual protio-solvent resonances, and coupling constants are in Hertz. Electron ionization mass spectra were acquired at the EPSRC National Mass Spectrometry Service Centre, Swansea, using perfluorotributylamine as the standard for accurate mass measurements. All solvents used in preparative work were at least Analar grade, and water was purified using the Purite ® system. Solvents used for optical spectroscopy were HPLC grade. In all but three cases, elemental analyses gave % C, H, N data to within the normally accepted limit of 0.4% of the theoretical values. The exceptions were PtL 1 SNit and the complexes of methanethiolate, PtL 1 SMe and PtL 2 SMe, where % C deviations were slightly larger. Repeated attempts to obtain improved quality samples failed to give better data, mostly likely due to traces of the decomposition product forming in solution, as discussed in Section 1.
PtL 1 SMe
Sodium methanethiolate (50 mg, 0.15 mmol, 21% w/w in H 2 O) was dissolved in methanol (5 mL) and the solution degassed via four freeze-pump-thaw cycles prior to back-filling the reaction vessel with nitrogen gas. PtL 1 Cl (63 mg, 0.l4 mmol) was added under a flow of nitrogen and the suspension stirred at room temperature for 18 h. The solid was separated using a centrifuge, washed successively with methanol (5 mL), water (3 x 5 mL) and diethyl ether (2 x 5 mL), and finally dried under reduced (125.7 MHz, d 6 -DMSO): " 167. 9, 152.2, 140.9, 140.2, 124.8, 124.1, 123.4, 120.5, 12.6 PtS: C, 45.14; H, 2.63; N, 6.58%. Found: C, 44.96; H, 2.67; N, 6 .43%.
Electrochemistry
Cyclic voltammetry was carried out using a µAutolab Type III potentiostat with computer control and data storage via GPES Manager software. Solutions of concentration ca. 1 mM in CH 2 Cl 2 were used, containing [Bu 4 N] [PF 6 ] as the supporting inert electrolyte. A three-electrode assembly was employed, consisting of a glassy-carbon working electrode, and platinum wire counter and reference electrodes.
Solutions were purged for 5 minutes with solvent-saturated nitrogen gas with stirring, prior to measurements being taken without stirring. The voltammograms were referenced to the ferrocenceferrocenium couple (E 1/2 = 0.42 V versus SCE).
Density functional theory calculations
The Gaussian 09 program was used for all calculations.
40
DFT calculations for geometries and excitation energies were performed with the PBE0 hybrid exchange-correlation functional. 41, 42 The allelectron cc-pVDZ basis set was used on the main-group atoms. For the platinum ion, the Los Alamos LANL2DZ effective core potentials were used to treat the core electrons, in combination with the LANL2DZ basis set for the 5s 2 , 5p 6 and 5d 8 valence electrons. The geometries were fully optimised without symmetry constraints. The polarisable continuum model (PCM) was used to take into account the solvent (dichloromethane). Frequency calculations were performed at the same level of theory as the geometry optimisations to ensure that the identified geometries do indeed correspond to minima on the potential energy surface. Density difference plots were produced with Gaussview using the default contour value of 0.02 a.u.
Photophysical measurements
Absorption spectra were measured on a Biotek Instruments XS spectrometer, using quartz cuvettes of 1 cm pathlength. Steady-state luminescence spectra were measured using a Jobin Yvon FluoroMax-2 spectrofluorimeter, fitted with a red-sensitive Hamamatsu R928 photomultiplier tube; the spectra shown are corrected for the wavelength dependence of the detector, and the quoted emission maxima refer to the values after correction. Samples for emission measurements were contained within quartz cuvettes of 1 cm pathlength modified with appropriate glassware to allow connection to a high-vacuum line. Degassing was achieved via a minimum of three freeze-pump-thaw cycles whilst connected to the -23 -vacuum manifold; final vapour pressure at 77 K was < 5 ) 10 -2 mbar, as monitored using a Pirani gauge. Luminescence quantum yields were determined using [Ru(bpy) 3 ]Cl 2 in degassed aqueous solution as the standard (* = 0. 042 43 ); estimated uncertainty in ( is ± 20% or better.
The luminescence lifetimes of the complexes were measured by time-correlated single-photon counting, following excitation at 374.0 nm with an EPL-375 pulsed-diode laser. The emitted light was detected at 90˚ using a Peltier-cooled R928 PMT after passage through a monochromator. The estimated uncertainty in the quoted lifetimes is ± 10% or better. Lifetimes at 77 K in excess of 10 µs
were measured by multichannel scaling following excitation with a µs-pulsed xenon lamp; an excitation wavelength of 374 nm (band-pass 5 nm) was selected with a monochromator.
Cell imaging
The instrumentation and procedures for imaging of NIH 3T3 or CHO cells incubated with the complex were as described in previous work. 4a, 44 showing return waves, the quoted values refer to E $ and the peak-to-peak separation is given in parentheses.
Values refer to a scan rate of 100 mV s -1 , and are quoted relative to Fc + | Fc. (c) The reduction wave was poorly defined for this complex. 
Scheme 1
Synthesis of the two series of thiolate complexes PtL n SAr from the parent chloro complexes PtL n Cl (n = 1 or 2). The methanethiolate complexes were prepared similarly, but using an aqueous solution of NaSMe.
Figure 1
Structural formulae of the ten new thiolate complexes prepared in this work.
Figure 2
Absorption and emission spectra of PtL 2 Cl (green lines) and PtL 2 SPh (red lines) in CH 2 Cl 2 at 298 K. 
Figure 9
Fluorescence microscopy images of NIH 3T3 cells incubated with PtL 1 Cl (50 µM, 5 minutes). Left: image acquired using a G365ex/FITCem filter set (green emission region only). Right: image acquired using a G365ex/660-710em filter set (red emission only). 
